SUMMARY A 4-month-old infant with cyanosis but without other abnormal cardiac findings is presented in whom the diagnosis of anomalous systemic venous connection to the left atrium was made by contrast echocardiography. The diagnosis was later confirmed by cardiac catheterisation and selective cineangiography. When saline was injected into a vein on the dorsum ofeach hand while echocardiographically recording the cardiac structures, the left atrium, left ventricle, and aorta were opacified without visualisation of the right ventricle. Similar study with injection into the right foot produced opacification of the right ventricle without visualisation of the left-sided structures. These data suggested normal drainage of the inferior vena cava with anomalous connection of the superior vena cava to the left atrium.
Since the original description of Gramiak and Shah,' contrast echocardiography has been used to validate echocardiographic identification of cardiovascular structures,2 3 to detect left-to-right or right-to-left shunts4-9 or valvar regurgitation,4 5 and to diagnose a variety of congenital heart defects.4 5 9-12 We have used this technique with peripheral vein saline injection6 9 to diagnose a unique case of systemic venous connection to the left atrium which was later confirmed by cardiac catheterisation and selective cineangiography. The purpose of this report is to illustrate the usefulness of contrast echocardiography in the diagnosis of anomalous systemic venous connection to the left atrium and to present the details of this rare anomaly. Review of the previously reported cases of this anomaly and a hypothesis of its embryological development will also be presented.
Case report A 4-month-old asymptomatic female infant, the product of a full-term normal pregnancy, labour, and delivery, was found to have moderate cyanosis by the paediatrician. After (Fig. 1 A and C) . 718 Truman, Rao, Kulangara Similarly, the contrast echoes appeared in the left ventricle without opacification of the right ventricle ( Fig. 1 B and D) . When saline was injected into a vein of the right foot, the right ventricular outflow tract and right ventricle were, respectively, opacified without opacification of the left atrium, aorta, or left ventricle ( Fig. 1 E and F) . These data suggest venous drainage of both arms into the left atrium while the inferior vena cava drains normally.
The infant was observed over the next few months and, though she remained asymptomatic, a gradual increase in haemoglobin was observed (Hb 15-0 g/100 ml at the age of 8 months).
Cardiac catheterisation with selective cineangiography was performed at the age of 8 months. There was minimal systemic venous oxygen desaturation without any step-up in°2 saturations in the right heart ( Table 1 ). The catheter could not be advanced into the superior vena cava from the right atrium. The catheter could be advanced, however, though with difficulty, into the left atrium via a patent foramen ovale and from there into the superior vena cava and both right and left innominate veins. The pulmonary venous oxygen saturation was normal and there was a severe step-down in the 0°saturation at the left atrial level with the resultant moderate systemic arterial desaturation. The right and left heart pressures were within normal limits (Table 1 ).
An angiogram was performed with the catheter tip positioned in the right innominate vein. The right superior vena cava (into which the left innominate vein also emptied) was opacified first and was then seen to enter the left atrium ( Fig Moderate degrees of polycythaemia and arterial unsaturation were present in cases in which these data were reported. Diagnosis was made by angiography in all and in two cases 21 22 the diagnosis was also substantiated at operation. The role of contrast echocardiography in the diagnosis of this anomaly need not be re-emphasised and indeed it was the major purpose for reporting this case. Nuclear angiography would also be helpful in delineating these anomalies.23 Though cardiac catheterisation and angiography remain the most useful procedures to confirm the diagnosis, they are not without hazard; use of these anomalous venous channels for catheterisation has been reported to produce paroxysmal supraventricular tachycardia, occasional angina, shock, and cardiac arrest. 25 26 The cases reported by Kirsh et al. An orderly sequence of events with precise timing is necessary for normal development of the cardiac structures. If, for some reason, the sinus venosus becomes incorporated into the right atrium sooner than normal or if the right horn of the sinus venosus grows in a vertical direction (with resultant increase in relative distance between the superior and inferior vena cava) earlier than normal, the cephalic continuation of the venous valves, the septum spurium, and thereafter the septum primum and secondum may come to lie on the right of (or caudal to) the superior vena cava and thereby result in right superior vena cava to left atrium. Alternatively, later than normal timing of development of venous valves and septum spurium (septum primum and secundum to follow) may similarly result in the above-described phenomenon. Though this hypothesis may appear reasonable on theoretical grounds, no evidence to support this hypothesis could be provided from the reported cases.
